De-focused low energy extracorporeal shock wave therapy (ESWT) has been widely used in various clinical 27 and experimental models for the treatment of painful conditions such as epicondylitis and plantar fascitis and 28 also bone and wound healing. There is evidence that ESWT improves the metabolic activity of various cell 29 types, e.g. chondrocytes and endothelial cells but little is known about its effects on nervous tissue.
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The 30 aim of this study was to investigate whether ESWT improves the regeneration of injured nerves in an exper-31 imental rat model. 32 Sprague-Dawley rats received an 8 mm long homotopic nerve autograft into the right sciatic nerve, fixed with 33 epineurial sutures. Two experimental groups were set up: the group 1 animals received ESWT (300 impulses, 34 3 Hz) immediately after nerve grafting whereas the group 2 (control) animals received only nerve autografts. 35 Serial CatWalk automated gait analysis, electrophysiological studies and morphological investigations were car-36 ried out. The survival time was either 3 weeks or 3 months. 37 At 6 to 8 weeks of survival the ESWT group of animals exhibited a significantly improved functional recovery 38 relative to the controls. Electrophysiological observations at 3 weeks after surgery revealed marked values of 39 amplitude (3.9± 0.8 mV, S.E.M.) and compound nerve action potential (CNAP, 5.9 ± 1.4 mV·ms, S.E.M.) in the 40 ESWT group, whereas there were no detectable amplitudes in the control group. This finding was accompanied 41 by significantly greater numbers of myelinated nerve fibres in the middle of the graft (4644 ± 170 [S.E.M., 42 ESWT] vs 877 ± 68 [S.E.M.,control]) and in the distal stump (1586 ± 157 [S.E.M., ESWT] vs 308 ± 29 [S.E.M., 43 control]) of ESWT animals relative to the controls 3 weeks after surgery. Three weeks after surgery the nerve 44 grafts of control animals contained great numbers of phagocytes and unmyelinated nerve fibres, while the 45 ESWT nerve grafts were filled with well-myelinated regenerating axons. There was no significant difference be-46 tween the numbers of endoneural vessels in the ESWT and the control nerves. Three months after surgery, no 47 significant differences were observed in the functional and electrophysiological data. Equally high numbers of 48 myelinated axons distal to the graft could be found in both groups ( panied by injury of the affected nerves in the exposed area and the 100 corresponding expression of transcription and regeneration-related 101 factors in dorsal root ganglion neurones (Murata et al., 2007) .
102
To the best of our knowledge, no studies have been performed to date 103 as regards whether shock waves influence the regeneration of injured 104 peripheral nerves. The aim of the present study was to investigate wheth-105 er ESWT improves regeneration within the peripheral nervous system in 106 an experimental model in which the integrity of the injured nerve is 107 restored in a similar manner as in human peripheral nerve injuries. were applied with a frequency of 3 Hz at energy level 1 (0.1 mJ/mm 2 ).
147
All animals had access to water and dry chow ad libitum.
148
The animals that received an autograft were sacrificed after sur- to the graft, so as to achieve the supramaximal stimulation amplitude. 220 The compound action potential, the amplitude and the nerve conduc-221 tion velocity were determined. All measurements were carried out at 222 a body temperature between 38 and 39 °C. were compared by the use of ANOVA, followed by Tukey's post hoc test.
250
Functional evaluations were compared with the Mann-Whitney U test.
251
All data in this study are given as means ± standard error (S.E.M.).
252

Results
253
Observations of movement pattern of operated animals 254 All of the animals survived the surgery and the subsequent ESWT.
255
No side-effects were seen. The functional observations were carried out on freely-moving an-257 imals. Immediately after surgery, all the animals developed paralysis 258 in the operated right hind limb corresponding to the musculature 259 supplied by the sciatic nerve. The animals that received ESWT started 260 to produce movements detectable by naked eye using the affected 261 musculature in their operated hind limbs as early as 21 days follow-262 ing surgery. However, the control animals showed the first signs of 263 improvement only 28 days postoperatively.
The functional deficit 264 was more pronounced in the control animals than in the ESWT 265 group up to a survival time of 10 weeks, but from this time on the an-266 imals in the two groups did not display any detectable movement 267 pattern differences. 268 CatWalk automated gait analysis system nerves. In the sciatic nerve of animals that survived for 3 months, we Longitudinal sections show that a single shock wave treatment of 300 impulses did not induce axonal degeneration 1 week after ESWT, while treatment with 900 or 1500 impulses resulted in moderate and severe degeneration, respectively. Scale bar = 50 ⁎m. Fig. 4 . Axonal regeneration in control and shock wave-treated (ESWT) peripheral nerves 3 weeks and 3 months after surgery. A: The chart shows the numbers of myelinated fibres found in the middle of the graft and 2 mm proximal and distal to the graft in ESWT and control animals 3 weeks after axotomy (left). The numbers of myelinated axons in the graft and distal to the grafting site are much higher in the ESWT animals than in the controls. There was no significant difference between controls and ESWT animals in the numbers of myelinated axons distal to the graft 3 months after axotomy and grafting (right). *Significant difference between the control and ESWT groups, p b 0.05,by ANOVA, computed by using Tukey's all pairwise multiple comparison procedures. B-F: Photographs of semithin cross-sections from the proximal stump (B), the middle of the graft (C, D) and the distal stump (E, F) 3 weeks after axotomy. The shock wave-treated peripheral nerves (ESWT) contain more myelinated axons, while the control nerves display far fewer regenerated axons (arrows) and are full of degenerated myelin sheaths and reactive cells.
G-H: Photographs of semithin cross-sections from the distal stump 3 months after axotomy. There is no striking difference between the ESWT and control nerves, although the myelin sheaths of the regenerated axons appear thinner compared with those seen in the intact proximal stump (B). Methyleneblue-thionin staining according to Rüdeberg, scale bar = 25 ⁎m. The analysis of the sections taken from various levels of the inves-336 tigated nerves and processed for vWF immunohistochemisry did not 337 reveal any significant difference between the control and the ESWT 338 nerves at 3 weeks of survival (Fig. 4) . It could be observed, however, 339 that the number of vWF-positive vessels gradually increased towards 340 the distal stump of the nerves in both groups. blasts could still be observed (Fig. 5) . This study has first provided evidence that defocused low-energy 360 ESWT induces an improved rate of functional recovery in the initial 361 phase of regeneration following injury to the rat sciatic nerve.
The 362 functional and morphological data presented here suggest that this 363 improved functional recovery is achieved through faster elongation 364 of the myelinated axons within the nerves following ESWT. 365 Functional analysis of the movement patterns of the ESWT rats indi-366 cated a faster initial functional improvement relative to control animals. 367 This improvement was most impressive at 8 weeks after the nerve inju-368 ry, but the difference between the ESWT and control groups had be-369 come non-significant or had disappeared by 12 weeks of survival.
In This accords with our electrophysiological observation that nerve 380 action potentials with considerable amplitudes could be evoked at 381 3 weeks of survival by stimulation of the intact segment of the sciatic 382 nerve in the ESWT animals, whereas no response was generated in 383 the control nerves, but by 3 months of survival the responses 384 detected in the two groups had become identical. 385 As regards the rate of regeneration in normally regenerating ro-386 dent nerves (4 mm/day) (Forman and Berenberg, 1978 ; McQuarrie 387 and Grafstein, 1973), it can be argued that all the regenerating 388 motor axons were likely to reach their target muscles by the end of 389 the survival period in both experimental groups. This suggestion is 390 justified by the electrophysiological and functional test data. Howev-391 er, the non-significant differences between the two experimental 392 groups in some of the movement pattern analysis (CatWalk) data in-393 dicate that minor differences between the ESWT and control animals 394 may still exist 3 months after surgery.
Indeed, the significant differ-395 ence in nerve conduction velocity that we observed, may suggest 396 that the faster-regenerating axons in the ESWT animals may achieve 397 characteristics closer to those of intact axons more quickly than with-398 out ESWT.
399
ESWT is a well-established method for the therapy of various disor-400 ders, such as soft and hard tissue defects, skin ulcerations and plantar fas-401 citis (Loew and Jurgowski, 1993; Rompe et al., 1996a Rompe et al., , 1996b . However, 402 despite the observed effectiveness of this method in such clinical applica-403 tions, the mechanism of action is poorly understood, but is mainly con-404 sidered to involve improved angiogenesis in the repaired tissues 405 (Stojadinovic et al., 2008) . Other mechanisms have also been suggested, 406 
